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(57) ABSTRACT

The present invention provides methods of treating a mam-
mal having chronic obstructive pulmonary disease (COPD),
independent of both smoking status and asthma status/with a
therapeutically effective amount of an anti-IgE Enoiety. In
accordance with the invention, COFD patients with sn
clevated serum IgE level may benefit from the treatment
methods disclosed. In certain instances, the methods of the
disclosure have been found, to be useful 10E the treatment of
COPD patients regardless of their skin test results arid/or in
vitro reactivity to a perennial aeroallergen. Anti-EgE moi-
eties, 1n accordance With the invention, include but are not
limited to any IgG antibody that selectively binds to a given
mammal 1irunuitoglobulln E (e.g., human imntnnoglQbulin
E) such as humanized arrti-IgEy humanized murine mono-
clonal antibody, and/or Qmalizumab.

7 Claims, 6 Drawing Sheets
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Fig 1a. AVERAGE EXACERBATION RATE FOR EACH PATIENT
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Fig 1b. AVERAGE EXACERBATION RATE
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1c. AVERAGE EXACERBATION RATE FOR EACH YEAR
BASELINE AND TREATMENT YEARS
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2a. TREATMENT RESPONSE VS CIGARETTE USE
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_Fig 2b. TREATMENT RESPONSE VS SKIN TESTING
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METHODS TO TREATING CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application Ser. No. 60/695,6735, filed on Jun. 30, 2005,
entitled “Novel Uses for IgE Antibodies.” The contents of this
application 1s imncorporated herein by reference 1n 1ts entirety
as though fully set forth.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods for the treatment
of chronic obstructive pulmonary disease 1n patients with a
comorbid component mediated by IgE antibody. More spe-
cifically, the present invention encompasses therapeutic
modalities, and more particularly, relates to methods using
known active entities for a novel indication.

2. Background of the Invention
Chronic Obstructive Pulmonary Disease

Chronic Obstructive Pulmonary Disease (“COPD”) affects
middle aged and elderly people, and i1s one of the leading
causes of morbidity and mortality worldwide affecting as
many as 14 million people 1n the United States. The World
Health Organmization predicts that by 2020 COPD will
become the 5th most prevalent disease, and the 3rd most
common cause ol death (see P. J. Barnes, New Engl. Journ.
Med. 343:269-279 (2000)). COPD 1s associated with major
healthcare costs, largely due to expensive treatments such as
long-term oxygen therapy and hospital admissions, as well as
indirect costs including loss of working capacity. Recent epi-
demiological data suggests that the prevalence of the disease
1s underestimated.

COPD 1s characterized by a reduction 1n expiratory flow
and slow forced emptying of the lungs which does not change
markedly over several months

Cigarette smoking (especially, long term cigarette smok-
ing) 1s believed to be the leading cause of COPD (statistically,
a smoker 1s 10 times more likely than a non-smoker to
develop and die of COPD). Smoking cessation 1s the only
measure that will slow the progression of COPD. Airflow
obstruction 1n COPD 1s usually progressive i patients who
continue to smoke eventually leading to disability and short-
ened survival time. Smoking cessation has been shown to
slow the rate of decline to that of a non-smoker but the
damage caused by smoking 1s irreversible.

Other etiological factors (e.g., airway hyper responsive-
ness or hypersensitivity, air pollution (e.g., sulfur dioxide and
possibly second hand smoke), occupational chemicals (e.g.,
cadmium) and generally allergy) have been 1dentified in the
literature but are believed to account for only a minority of
COPD cases. Other risk factors include: heredity, second-
hand smoke, exposure to air pollution at work and in the
environment, and a history of childhood respiratory infec-
tions.

COPD often entails: chronic coughing, frequent chest
tightness, shortness of breath, an increased etffort to breathe,
increased mucus production, and frequent clearing of the
throat. COPD 1s characterized by airflow obstruction caused
by chronic bronchitis, emphysema, or both. Airway obstruc-
tion 1s imcompletely reversible but some COPD patients do
show some 1improvement in airway obstruction with treat-
ment. Airway obstruction due to chronic and excessive secre-
tion of abnormal airway mucus, mmtflammation, broncho-
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spasm, and infection are believed to cause chronic bronchitis
leading to chronic cough, mucus production or both. In
emphysema instead, the elastin in the terminal bronchioles 1s
destroyed leading to the collapse of the airway walls and
iability to exhale. Emphysema 1s characterized by the
destruction of the alveoli and the abnormal permanent
enlargement of the air spaces distal to the terminal bronchi-
oles, accompanied by destruction of their walls without
apparent fibrosis (for a more detailed description see, Harvi-
son’s Principles of Internal Medicine, 12" Edition, Wilson, et
al., eds., McGraw-Hill, Inc.).

Asthma by contrast, often has an onset 1n infancy, child-
hood or adolescence, though sometimes 1t may become mani-
fest 1n the adult. It 1s often caused by exposure to an allergen,
and 1s mediated by an immune system involving IgE. Patients
typically present with acute shortness of breath, wheeze,
cough, and congestion. Bronchial spasms of the airway are
typically reversible with treatment, although 1n some cases
there may be chronic bronchial obstruction due to thickening
(remodeling) of the bronchial wall (for a more detailed
description see, Harrison’s Principles of Internal Medicine,
127 Edition, Wilson, et al., eds., McGraw-Hill, Inc.).
COPD: Therapies Available

Presently available treatments are merely ameliorative.
They include avoidance of irritants such as tobacco smoke
and breathing supplemental oxygen. In advanced cases of
COPD, lung reduction surgery 1s sometimes performed, but 1t
1s not clear that 1t helps. There 1s very little currently available
to arrest 1ts progression and otherwise prevent 1ts exacerba-
tions, preserve lung function, and otherwise improve the
quality of life of COPD patients. The arsenal of medications
available to practitioners treating COPD patients have tradi-
tionally include: fast-acting, {32-agonists, anticholinergic
bronchodilators, long-acting bronchodilators, antibiotics,
and expectorants. Amongst the currently available treatments
tor COPD, short term benefits, but notlong term effects, were
found on 1ts progression, from administration of anti-cholin-
ergic drugs, adrenergic agonists, and oral steroids. Oral ste-
roids are only recommended for acute exacerbations with
long term use contributing to excess mortality and morbidity.

Short and long acting inhaled, adrenergic agonists are used
to achieve bronchodilation and provide some symptomatic
relief in COPD patients. This class of drugs has been shown to
have no maintenance effect on the progression of the disease.
Short acting adrenergic agonists improve symptoms 1n sub-
jects with COPD, such as increasing exercise capacity and
produce some degree of bronchodilation, and even an
increase in lung function 1n some severe cases. The maximum
clfectiveness of the newer long acting inhaled, adrenergic
agonists was found to be comparable to that of short acting,
adrenergic agonists. Salmeterol was found to improve symp-
toms and quality of life, although only producing modest or
no change in lung function. Notably, [3-agonists can produce
cardiovascular eflects, such as altered pulse rate, blood pres-
sure; and electrocardiogram results. Treatment of asthmatic
and COPD patients with the bronchodilators 1pratropium bro-
mide or fenoterol was not superior to treatment on an as-
needed basis, therefore indicating that they are not suitable
for maintenance treatment. The combination of a p adrener-
g1c agonist with an anti-cholinergic drug provides little addi-
tional bronchodilation compared with either drug alone. The
addition of 1pratropium to a standard dose of inhaled, 3 adr-
energic agonists for about 90 days, however, produces some
improvement 1n stable COPD patients over either drug alone.
Overall, the occurrence of adverse effects with p adrenergic
agonists, such as tremor and dysrhythmias, 1s more frequent
than with anti-cholinergics. Thus, neither anti-cholinergic
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drugs nor, 3-adrenergic agonists have an effect on all people
with COPD; nor do the two agents combined.

Antibiotics are also often given at the first sign of a respi-
ratory infection to prevent turther damage and infection in
diseased lungs. Expectorants help loosen and expel mucus
secretions to from the airrways, and may help make breathing
casier. In addition, other medications may be prescribed to
manage conditions associated with COPD. These may
include: diuretics (which are given as therapy to avoid excess
water retention associated with right-heart failure), digitalis
(which strengthens the force of the heartbeat), and cough
suppressants. This latter list of medications help alleviate
symptoms associated with COPD but do not treat COPD.

Thus, there 1s very little currently available to alleviate
symptoms of COPD, prevent exacerbations, preserve optimal
lung function, and improve daily living activities and quality
of life.

SUMMARY OF THE INVENTION

The present invention relates to the use of anti-IgE therapy
for the treatment of COPD. More specifically, 1t has been
found that anti-IgE therapy is useful for the treatment of
patients with COPD, independent of both smoking status and
asthma status. In addition, and as discussed hereinafter, anti-
IgE modalities have been found useful for the treatment of
COPD 1n patients with elevated IgE serum levels regardless
of whether such patients have a positive skin test result or a
positive 1n vitro reactivity test result.

The present invention provides methods of treating a mam-
mal having COPD with a therapeutically effective amount of
an anti-IgE moiety. Anti-IgE moieties contemplated include,
but are not limited to any IgG antibody that selectively binds
to a given mammal immunoglobulin E (e.g., human immu-
noglobulin E). In particular humanized anti-IgE antibodies
are considered useful. Accordingly, 1n certain embodiments
(including the non-limiting representative moieties exempli-
tying the advantages of the invention hereinafter) the human-
1zed 1gG antibody that selectively binds to human immuno-
globulin E 1s a humanized murine monoclonal antibody.
Specifically, anti-IgE moieties contemplated include Omali-
zumab.

COPD patients with an elevated serum IgE level may ben-
efit from the treatment methods according to the invention. In
certain instances, the methods of the invention have been
tound to be usetul for the treatment of COPD patients regard-
less of their skin test results and/or in vitro reactivity to a
perennial aeroallergen.

Other objects, features and advantages of the present
invention will be set forth in the detailed description of the
embodiments that follows, and 1n part will be apparent from
the description or may be learned by practice of the invention.
These objects and advantages of the invention will be realized
and attained by the moieties, compositions and methods par-
ticularly pointed out 1n the written description and claims
hereof.

BRIEF DESCRIPTION OF THE DRAWINGS

For a tuller understanding of the systems and processes of
the present mvention, reference 1s made to the following
detailed description, which is to be taken with the accompa-
nying drawings, wherein:

FI1G. 1 1s a graph showing representative clinical effects of
treatment according to the invention with an anti-IgE moiety:
Omalizumab as response of exacerbation rates. FIG. 1a:
Exacerbation rate for each of the 17 patients 1n the baseline
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year and treatment years 1 and 2. FIG. 1b: Average exacer-
bation rate in 2 month intervals for the 17 treated patients
during the baseline year (months—12 to 0) and treatment
years (months 0 to 24). FIG. 1¢: Average exacerbation rate in
the baseline year and 1n years 1 and 2.

FIG. 2 are regression scatter diagrams of treatment
response against several 1ndependent characteristics;
Decrease 1n exacerbation rate=exacerbation rate in the year
prior to treatment minus the rate 1n the first year of treatment
for each patient. FIG. 2a shows cigarette exposure 1n pack
years. Patients with secondary exposure alone were assigned
zero. FI1G. 2b shows the Total skin test score=sum of 1ndi-
vidual skin test reactions for each patient. FIG. 2¢. 1s a graph
showing the IgE (IU)=serum IgE level 1n IU in the patients
tested.

DETAILED DESCRIPTION

The models of allergic asthma and cigarette-induced
COPD iform the basis for understanding of the pathways of
obstructive pulmonary disease. Our fundamental understand-
ing ol these two disorders 1s that they represent two distinct
and very different diseases. The clinical differences 1n terms
of symptoms, age of onset, clinical presentation, and treat-
ment have been discussed in the Background of the Invention
Section (supra). At the cellular level, these disorders are char-
acterized by very different mechanisms. The IgE-mediated
asthma typically involves white corpuscles that are eosino-
phils, and cellular mediators that include interlukin 4 and
interlukin 5. By contrast, cigarette-induced COPD 1ncludes
white corpuscles that are neutrophils, and cellular mediators
including mterlukin 8 and tumor necrosis factor.

In clinical practice, many of the patients often share char-
acteristics of both disorders (the overlap syndrome) (see,
Nonas S. A., The Resp. Rep. 1(1):11-17 (2005)). These shared
characteristics 1nclude endogenous and exogenous factors
that precipitate disease, cellular and cytokine profiles 1n spu-

tum and serum, and pathologic findings (see, Seatt1 M., Ste-
fano A., Maestrellr P, et al., Am J Respir Crit. Care Med

150:1646-1652 (1994); Fabbin L., Beghe B., Caramon G., et
al., Thorax 53:803-808 (1998); Sciurba F., Chest 126: 1175-
1245 (2004)). The role of immunoglobulin E (IgE)-mediated
triggers 1s a case 1n point. They can be present 1n both asth-
matic (Burrows B., Martinez F. D., Halonen M. N. Engl. J.
Med. 320:271-277 (1989); Lapparre Therese S., Snoeck-
Straland Jiska, Gosman Margot M. E., et al. Am. J. Respir.
Crit. Care Med. 170:499-304 (2004) and COPD patients (Ro-
hde G., Gevaert P., Holtappels G., et al. Repir. Med. 98:858-
64 (2004); Greenberger P. A., J. Allergy Clin. Immunol. 110:
685-92 (2002).). Such IgE-mediated triggers may be subtle
(Daklami A., Park J-W, Tauke C., et al. Am. J. Respir. Crit.
Care Med. 171:952-939 (2004)) or even undefined (Humbert
M., Durkam J.R.,Ying S., etal. Am. J. Respir. Crit. Care Med.
154:1947-1504 (1996)).

While Omalizumab has been established as an effective
treatment of the asthmatic patient with an IgE-allergy medi-
ated response, heretofore 1t has not been suggested for the
treatment of COPD. Because a considerable percentage of
COPD patients have a strong primary cigarette history and in
many cases there 1s documented secondary exposure to ciga-
rette smoking, the present investigator evaluated the efficacy
of Omalizumab for the treatment of COPD patients with a
serum IgE=30 IU (*elevated IgE”) regardless of their smok-
ing history and found that efficacy did not appear to be depen-
dant on the presence or severity of a preceding cigarette
history.




US 8,080,249 B2

S

As evidenced by the data 1in the examples provided herein,
it has been found that (a) patients with a severe obstructive
pulmonary disease who have a qualifying elevated IgE level
should not be excluded from consideration of anti-IgE
therapy of the basis of their cigarette history alone; and (b)
that the degree of skin rest reactivity does not appear to be a
strong determinant of the response of anti-IgE treatment as
evidenced by the results obtained with Omalizumab treat-
ment. Notably, 1t was also found that the level of circulating,
IgE was also not a strong indication of response to Omali-
zumab treatment. It 1s postulated that while IgE at the cellular,
mast cell, level 1s a critical determent of the asthmatic
response, this may not be reflected 1n the level of circulating,
Igk.

Accordingly, the present invention provides methods for
treating COPD by administering an eflective amount of an
anti-IgE moiety or a composition or a pharmaceutical com-
position comprising at least one anti-IgE moiety to a cell,
tissue, organ, mammal in need of such modulation, treatment,
alleviation, prevention, or reduction in symptoms, effects or
mechanisms. In certain embodiments, the method entails the
administration of a therapeutically effective amount of an
anti-IgE moiety. Any anti-IgE moiety efiective for the treat-
ment according to the methods described herein which are
presently described in the art 1s contemplated.

A moiety that mhibits the activity of IgE or an anfti-IgE
moiety/entity 1s one that contains at least one active entity
capable of modulating (including reducing) IgE activity. IgE
activity may be detected and possibly quantitated by the
circulating levels of IgE, but can also be measured by activi-
ties associated with IgE function, such as binding to baso-
phils, anaphylaxis, and binding to receptors such as Fc recep-
tors.

Generally, enftities that ihibit the activity of IgE may
include, for example, anti-IgE antibodies, IgE receptors, anti-
IgE receptor antibodies, variants of IgE antibodies, ligands
for the IgE receptors, and fragments thereof. Varnant IgE
antibodies may have amino acid substitutions or deletions at
one or more amino acid residues.

In certain embodiments of the invention the moiety capable
of inhibiting the activity of IgE comprises an anti-IgE anti-
body. The ant1 IgE antibody may be a monoclonal antibody.
The adjective “monoclonal” 1ndicates the character of the
antibody as being obtained from a substantially homoge-
neous population of antibodies, and 1s not to be construed as
requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used in

accordance with the present mnvention may be made by the
hybridoma method first described by Kohler et al., Nature,
256:495 (1975), or may be made by recombinant DNA meth-
ods (see, e.g., U.S. Pat. No. 4,816,567). The antibody may be
a chimeric antibody. Monoclonal antibodies useful for the
methods of the mvention may also be 1solated from phage
antibody libraries using the techniques described 1n Clackson
et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol.
Biol., 222:581-597 (1991). The anti-IgE antibody may be a
humanized murine antibody or a fully human antibody. The
modifier “humanized” 1s used to designate non-human (e.g.,
murine) antibodies which are chimeric antibodies including
immunoglobulins, immunoglobulin chains or Ifragments
thereof (suchas Fv, Fab, Fab', F(ab'), or other antigen-binding
subsequences of antibodies) which have been engineered to
comprise only limited sequence derived from non-human
immunoglobulin (1.e., have been engineered to favor human
sequences ). Considerable genetic modifications are routinely
made 1n this context to further refine and optimize a given
antibody performance. Generally, a humanized antibody
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optimally also will comprise at least a portion of an 1mmu-
noglobulin constant region (Fc), typically that of a human

immunoglobulin (see also, Jones et al., Nature, 321:522-325
(1986); Reichmann et al., Nature, 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol., 2:593-596 (1992)).

A representative anti-IgE antibody contemplated within
the 1invention 1s Omalizumab, also designated as RhuMADb-
E25 or E25. Another preferred anti-IgE antibody 1s desig-
nated in the literature as E26 (see infra). Various known
anti-IgE antibodies are described in the prior art, and 1n
greater detail 1n International applications WO 93/041°73 and
WO 99/01556. In particular WO 99/01556 specifically

describes Omalizumab, also named E235, in FIG. 12, and 1n
the sequences ID-No. 13-14. Antibody molecules comprising
a E26 sequence are described in WO 99/01556 and are con-
sidered within the scope of suitable anti-IgE moieties as des-
ignated herein. The present invention also contemplates anti-
IgE antibodies that bind soluble IgE but not IgE on the surface

of B cells or basophils (see e.g., those disclosed 1n U.S. Pat.
No. 5,449,760). Generally all antibodies binding to soluble
IgE and inlibiting IgE activity by a variety of possible mecha-
nisms are contemplated (e.g., by blocking the IgE receptor
binding site, by blocking the antigen binding site and/or by
simply sequestering IgE from circulation). Examples of anti-
IgE antibodies and IgE-binding fragments derived from the

anti-IgE antibodies which may be used according to the
invention are described 1n U.S. Pat. No. 5,656,273 and U.S.

Pat. No. 5,543,144.

Recombinant humanized anti-IgE monoclonal antibodies
which have been extensively vestigated include rhuMADb-
E25 (Omalizumab, discussed 1n the previous paragraph) and
CGP 56901 which block the binding of IgE to 1ts high aflinity
receptor, thereby preventing the release of mediators (Fahy J.
V. Clin Exp Allergy 30:16-21 (2000)). In several clinical
trials, rhuMAb-E25 dramatically reduced serum levels of free
IgH, attenuated both early and late phase responses to inhaled
allergen, and significantly reduced asthma symptoms (see
e.g., Milgram H., Fick R., Su I. Q., et al. N. Engl. J Med.
341:1966-1973 (1999); Saker M., Matz J., Buhl R., etal. Fur.
Resp. J. 18: 254-261 (2001); Busse W., Carren J., Lanier B.
Q., etal. J Allergy Clin. Immunal. 108-190 (2001); Holgate
S., BousqetJ., Wenzel S., etal. Current Medical Research and
Opinions 17:233-240 (2001); and Bousget J., Wensel S., Hol-
gate S. Chest 125:1378-1386 (2004)).

RhuMAb-E25 a.k.a. Omalizumab (commercialized under
the mark XoLARR®) 15 a recombinant humanized monoclonal
antibody that blocks the high-affinity Fc receptor of immu-
noglobulin E (IgE). Omalizumab binds free serum IgE and
surface IgE on B cell without binding to IgE on high or low
allinity receptors present on effector cells thus, blocking the
release of mediators of inflammation by 1nhibiting the asso-
ciation of IgE with mast cells and basophils. Clinical studies
suggest that Omalizumab induces a rapid and sustained
decrease 1n circulating IgE, and down-regulates the expres-
s1on of the IgE binding domain receptor (FceR1) leading to a
reduced release of inflammatory mediators. The link between
serum IgE levels and a positive skin test has led to the devel-
opment of Omalizumab as a treatment of choice 1n many
cases ol asthma. Presently, Omalizumab 1s used to treat
patients with moderate-persistent to severe-persistent
asthma; patients must be older than 12 years, have a positive
skin test to a perennial aeroallergen (e.g., dust mites, cats,
dogs, and mold), and be symptomatic with inhaled corticos-
teroids. However, because the link between COPD and serum
IgE levels remains poorly understood and attempts to use
anti-IgE therapeutics for the treatment of COPD have not
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been pursued. In particular, attempts to treat COPD patients
who are also skin test negative have not been pursued 1n the

field.

The present invention relates to the unanticipated finding,
that individuals diagnosed with COPD surprisingly respond
to treatment with Omalizumab. Even more surprisingly, it has
been found that COPD patients who are also skin test negative
and or have a negative result on the basis on 1n vitro testing for
allergens and for whom Omalizumab would therefore not be
indicated requiring either a positive skin test and or a positive
1n vitro reactivity test) respond to such treatment.

The terms “treatment™ or “treat” or any permutation of the
same as used herein include alleviation of one or more symp-
toms of the disorder, diminishment of the extent of the disor-
der, stabilization of the disorder, delay or slowing of disorder
progression, amelioration or palliation of the disorder, and
partial or total remission. Treatment also includes prolonging,
survival as compared to expected survival 1l not receiving
treatment. The methods of the ivention are particularly
appropriate for the prevention of events traditionally associ-
ated with COPD, or for treating a pre-existing condition,
including for example decreasing outpatient exacerbations
and hospitalizations, decreasing inhalant use, decreasing spu-
tum production, or of dyspnea. Notably, the methods of the
invention are usetul to reduce the and the frequency of acute
steroid treatment and the average steroid dose used for COPD
patients. The latter includes foremost COPD patients that
have become steroid dependent (Omalizumab treated
patients reduced steroid use by 350%, data not shown).
Remarkably, the present methods have also been found to
reduce the frequency of antibiotic treatment traditionally
used for the management of COPD

The term “therapeutically effective amount™ 1s used to
denote treatments at dosages etlective to achieve the thera-
peutic result sought. Furthermore, one of skill will appreciate
that the therapeutically effective amount of the compound of
the invention may be lowered or increased by fine tuning
and/or by administering more than one anti-IgE moiety
according to the invention, or by administering a moiety of
the invention with another COPD therapeutic moiety known
in the art.

Generally, the “therapeutic amount™ of a substance or com-
position depends upon the context i which 1t 1s being
applied. In the context of administering a composition that
inhibits IgE activity, a therapeutic amount 1s an amount sui-
ficient to achieve any such inhibition. One of skill 1n the art
will appreciate that inhibition need not be complete.

Further, as would be readily understood by one skilled in
the art, the active mngredients described 1n any of the embodi-
ments herein may be combined 1nto a single composition for
simultaneous administration of one or more of the active
ingredients. Similarly, anti-IgE moieties according to the
invention may be administrated in conjunction with other
therapeutic modalities such as those traditionally used for the
treatment of COPD (e.g., bronchodilators such as for example
formoterol or salmeterol, antibiotics, oxygen therapy, corti-
costeroids, mediator antagonists, protease inhibitors, and

various anti-inflammatory) (for example, see P. J. Barnes,
New Engl. Journ. Med. 343:269-279 (2000) and Sutherland,

E. R., Cheriack, R. M. New Engl. J Med. 350:2689-2697
(2004); and Sutherland, E. R., Allmers, H., Ayas, N. T., Venn,
A. ], Martin, R. J. Thorax 38:937-941 (2003)). For example,
in addition to the regular, periodic administration of Omali-
zumab, management of patients may include the use of anti-
biotics and/or steroids during acute exacerbation, as well as
expectorants, mucolytics, inhalation treatments, leukotriene
modifiers, and amonophylics preparations, when indicated.
In certain instances, the therapeutic methods of the invention
may be further augmented by a careful consideration and
evaluation of risk factors 1n the home and workplace.
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The mvention therefore provides 1n certain aspects meth-
ods to tailor the administration/treatment to the particular
exigencies specific to a given mammal. As 1llustrated 1n the
following examples, therapeutically effective amounts may
be easily determined for example empirically by starting at

relatively low amounts and by step-wise increments with
concurrent evaluation of beneficial effect. Moreover, it will be

appreciated that the amount of a moiety of the ivention
required for use 1n treatment will vary with the nature of the

condition being treated and the age and the condition of the
patient and will be ultimately at the discretion of the attendant
physician or veterinarian. In general, however, doses
employed for human treatment will typically be as described
for Omalizumab (see specifics of dosage and administration
for XOLAIR®(Omalizumab) at www.gene.com/gene/prod-
ucts/imnformation/immunological/xolair/insert.jsp). The
desired dose may conveniently be presented 1n a single dose
or as divided doses administered at appropriate intervals, for
example as two, three, four or more sub-doses per day. It will
be appreciated by those of skill 1n the art that the number of
administrations of the anti-IgE moieties according to the
invention will vary from patient to patient based on the par-
ticular medical status of that patient at any given time 1nclud-
ing other clinical factors such as age, weight and condition of
the mammal and the route of administration chosen.

The effective dosage for Omalizumab for the treatment of
asthma has been found to be from 150 to 375 mg administered
SC every 2 or 4 weeks. Doses (mg) and dosing frequency are
determined by serum total IgE level (IU/mL), measured
before the start of treatment, and body weight (kg). In certain
instances, 1t has been observed that the therapeutically effec-
tive time window for the administration of Omalizumab in
COPD may be extended beyond the four weeks recom-
mended for Omalizumab for the treatment of asthma. In
certain mstances COPD patients have been found to respond
to Omalizumab administrations spaced as many as six weeks
apart. Similarly, 1t has been found that the therapeutically
elfective dosage of Omalizumab for the treatment of COPD
may be reduced by half as compared to the dosage recom-
mended for the treatment of asthma. For five patients who
were stabilized on the recommended dosage schedule, the
frequency of treatments could be reduced. Three patients on a
4 week schedule were decreased to a 6 week schedule, and 2
patients on a 2 week schedule were decreased to a 4 week
schedule. These 5 patients have remained stable on these
reduced treatment schedules.

As used herein, “therapeutically eflective time window”™
means the time interval wherein administration of the com-
pounds of the invention to the subject in need thereot reduces
or eliminates the deleterious effects or symptoms.

The methods of the present invention are intended for use
with any mammal that may experience the benefits of the
methods of the mvention. Foremost among such mammals
are humans, although the invention 1s not intended to be so
limited, and 1s applicable to veterinary uses. Thus, 1n accor-
dance with the invention, “mammals” or “mammal 1n need”
include humans as well as non-human mammals, particularly
domesticated animals including, without limitation, cats,
dogs, and horses. In certain instances the invention 1is
described 1n reference to subjects or patients. Such terms are
used interchangeably and designate any mammal that may
experience the benelits of the methods of the mnvention.

The patents, published applications, and scientific litera-
ture referred to herein establish the knowledge of those with
skill 1n the art and are hereby incorporated by reference 1n
their entirety to the same extent as if each was specifically and
individually 1ndicated to be incorporated by reference. Any
contlict between any reference cited herein and the specific
teachings of this specification shall be resolved 1n favor of the
latter. Likewise, any contlict between an art-understood defi-
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nition of a word or phrase and a definition of the word or
phrase as specifically taught 1n this specification shall be
resolved 1n favor of the latter.

Technical and scientific terms used herein have the mean-
ing commonly understood by one of skill 1n the art to which
the present invention pertains, unless otherwise defined. Ref-
erence 1s made herein to various methodologies and materials
known to those of skill 1n the art.

Standard reference works setting forth the general prin-

ciples of pharmacology include Goodman and Gilman’s T/e
Pharmacological Basis of Therapeutics, 107 Ed., McGraw
Hill Companies Inc., New York (2001). Standard references
setting forth general principles of internal medicine include
Harrison’s Principles of Internal Medicine 12" Edition, Wil-
son, et al., eds., McGraw-Hill, Inc.

As used 1n this specification, the singular forms “a, “an”
and “the” specifically also encompass the plural forms of the
terms to which they refer, unless the content clearly dictates
otherwise.

As used herein, unless specifically indicated otherwise, the
word “or” 1s used 1n the “inclusive” sense of “and/or” and not
the “exclusive” sense of “either/or.”

The term “about” 1s used herein to mean approximately, in
the region of, roughly, or around. When the term “about” 1s
used 1n conjunction with a numerical range, 1t modifies that
range by extending the boundaries above and below the
numerical values set forth. In general, the term *“about™ 1s
used herein to modity a numerical value above and below the
stated value by a variance of 20%.

As used 1n this specification, whether in a transitional
phrase or 1n the body of the claim, the terms “comprise(s)”
and “comprising” are to be interpreted as having an open-
ended meaning. That 1s, the terms are to be interpreted syn-
onymously with the phrases “having at least” or “including at
least”. When used 1n the context of a process or method, the
term “comprising” means that the process/method includes at
least the recited steps, but may include additional steps.

Any suitable materials and/or methods known to those of
skill can be utilized 1n carrving out the present imvention.
However, preferred materials and methods are described.
Maternals, reagents and the like to which reference 1s made 1n
the following description and examples are obtainable from
commercial sources, unless otherwise noted.

The moieties useful according to the methods of the inven-
tion are optionally formulated in a pharmaceutically accept-
able vehicle with any of the well known pharmaceutically
acceptable carriers, including diluents and excipients (see
Remington’s Pharmaceutical Sciences 187 Ed., Gennaro,
Mack Publishing Co., Easton, Pa. 1990 and Remington: The
Science and Practice of Pharmacy, Lippincott, Williams &
Wilkins, 1995). While the type of pharmaceutically accept-
able carrier/vehicle employed 1n generating the compositions
of the invention will vary depending upon the mode of admin-
1stration of the composition to a mammal, generally pharma-
ceutically acceptable carriers are physiologically inert and
non-toxic. Formulations of moieties according to the inven-
tion may contain more than one type of compound of the
invention), as well any other pharmacologically active ingre-
dient useful for the treatment of the symptom/condition being
treated.

Reference 1s made hereinatter in detail to specific embodi-
ments of the nvention. While the invention will be described
in conjunction with these specific embodiments, it will be
understood that it 1s not intended to limit the invention to such
specific embodiments. On the contrary, 1t 1s intended to cover
alternatives, modifications, and equivalents as may be
included within the spirit and scope of the mmvention as
defined by the appended claims. In the following description,
numerous speciiic details are set forth 1n order to provide a
thorough understanding of the present invention. The present
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invention may be practiced without some or all of these spe-
cific details. In other instances, well known process opera-
tions have not been described 1n detail, 1n order not to unnec-
essarily obscure the present invention.

The following examples are mtended to further 1llustrate
certain preferred embodiments of the mvention and are not
limiting 1n nature. Those skilled 1n the art will recognize, or be
able to ascertain, using no more than routine experimentation,
numerous equivalents to the specific substances and proce-
dures described herein.

EXAMPLE I

Selection Criteria for Inclusion 1n the Evaluation
Study

Testing of the usefulness of anti-IgE for the treatment of
COPD was carried on 143 patients with symptoms requiring
ongoing management. For each patient, age, sex, smoking
history, and family history (1°° degree relatives) of allergic or
obstructive disease were recorded. Serum IgE was measured
in International Units (IU). Serum eosinophil levels were
measured 1n most cases. Atopy was evaluated with skin test
reactivity to a panel of 24 relevant inhalant antigens according
to guidelines of the American Academy of Allergy, and was
scored on a severity scale o1 0 to 3 (3=prick test reactivity with
wheal>2 mm; 2=prick test reactivity with wheal=2 mm;
1=negative prick test reactivity with intradermal reactivity
only; O=no reactivity). The individual skin test scores were
added to obtain a total skin test score. Pulmonary function
tests (PFT) were performed on a Collins G. S. Spirometer
according to American Thoracic Society guidelines; revers-
ibility was defined as an increase of 20% or greater in the
forced expiratory volume in the first second (FEV1) after
bronchodilator treatment.

A Registered Nurse administered Omalizumab by subcu-
taneous 1njection 1n a clinic held every 2 weeks. The dose, in
milligrams, and 1ts frequently of administration were given
according to the recommendations for XOLAIR (see package
labeling provided by Genentech Corporation, South San
Francisco, Calif.). An mterim history and focused physical
exam were performed at each clinical visit. The baseline
period was the 12-month period before the first Omalizumab
injection. The treatment period began two months after the
initial 1jection.

Patients were selected for Omalizumab treatment on the
basis of severity of disease as manifested by one or more
exacerbations in the baseline year requiring hospitalization,
emergency room visit, or oifice visit; and also a COPD sever-
ity score of =11 (see Eisner M., Trupin L., Katz P. Chest
2005; 127:1890-1897).

The primary end point of the study was a reduction in the
number of acute exacerbations resulting 1n hospitalizations or
in outpatient visits. Each patient served as his/her own con-
trol. Exacerbations were binned in 2 month intervals. The
average exacerbation rate for each 2 month interval was com-
puted by dividing the total number of exacerbations in that
interval by the number of patients evaluated in that 2 month
time interval. The exacerbation rates for each patient in the
baseline period and in the first year of treatment were ana-
lyzed by Wilcoxon signed-ranked test. The average exacer-
bation rates for the group as a whole in the baseline year and

in the first and second treatment years were analyzed by
Student t-tests. Statistical analysis was performed with the

STATA package (STATA Corp, College Station, Tex., USA).
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Correlation analyses were performed both with the correla-
tion coelficient r, and with linear regression analysis and
associated p value.

EXAMPL

T

11 5

Evaluation Study

Patients Demographics

10
The demographics of the 143 patients evaluated are pre-

sented 1n Table 1.

TABLE 1

Patients with symptoms requiring ongoing management (Group 1-4)
from which 17 patients were selected to receirve Omalizumab.

12

experienced a total of 60 acute exacerbations that resulted 1n
20 hospitalizations and 40 outpatient emergency room/doctor
visits, while 1 patient was O, and steroid dependant with 3

prior intubations (four patients, overall, were O, dependant).
They had severe obstructive disease—S8 patients had an FEV1
of less than 50% predicted. There was minimal reversibil-
1ity—3 patients of the 16 had reversibility =15%. The COPD
severity score ranged from 11 to 28. Eight patients had posi-
tive skin tests to both indoor and outdoor allergens, 6 patients
were positive to indoor allergens alone, and 2 patients were
negative to skin testing as well as to RAST testing (Table 3).

1 2 3 4
IoF = 30 TU I¢F < 30 TU
Patient Groups Non- Non-
N =143 Smoker smoker Smoker Smoker
Number 68 20 39 16
Age range (median) 30-80 (65) 17-85 (53)  35-83(65) 39-84 (73)
Female 21 12 27 13
Family history of 45 17 25 5
obstructive disease
IoF (IU) (median) 32-1618 (110)  31-858 (140)  0-22(7)  0-25(6)
Positive skin tests 41/49 18/20% 6/12 4/10
Eosinophilia (>300) 27/62 12/19 7/34 4/15
Reversibility (=15%) 11 5 4 0
Baseline =80 16 12 5 7
FEV1 (% 50-80 39 6 16 9
predicted) <50 13 2 18 0
*One additional patient in this group who was not skin tested had positive RAST panel.
There were 110 patients (72%) with a primary cigarette TARI E 3
history (Groups 1+3), indicating a large proportion of patients
with a cigarette history in this practice. 40 Skin test reactivity to inhaled allergens
There were 88 patients (62%) with an IgE=30 IU (Groups INHALED NUMBER OF PATIENTS AVERAGE
1+2), indicating a large proportion of patients with a measur- ALLERGEN TESTING POSITIVE REACTIVITY SCORE
. o .
a!jle IgE lével. Of these patients, 68 (77%) h.ad a primary Dust mites 14 5 1
cigarette history exposure (Group 1). A family history of 45 Cat dander 0 7R
obstructive disease was present 1 62 patients (70%). Sixty- Grasses 7 2.9
nine patients underwent allergy testing. In 59 patients skin Igmld; ] ; ;g
.l : . . Og dalder :

tests were positive, and 1 1 further patient a regional allergy Tree pollen 5 5 5
serum test (RAST) was positive, giving a total of 60 positive Cockroach 1 3.0

allergy studies (87% of those evaluated); 9 patients (13%) of Y
the 69 allergy tested patients were non-responders. An

clevated peripheral eosmophil count was present 1n 39 of 81
patients evaluated (48%).

55

EXAMPLE I1I

Evaluation Study 60

Omalizumab Treatment Group

L1

Of the 88 patients 1n with an IgE=30 IU, 17 were entered 5
into the study (Table 2) on the basis of disease severity 1n the
one year baseline period prior to treatment—16 patients had

Thirteen patients had a heavy cigarette smoking history, in
most cases of several decades duration; 4 patients had only a
secondary cigarette exposure. All 17 patients were on inhaled
or oral steroids, 13 were on a leukotriene receptor antagonist,
12 were on a long acting beta agonist, 4 were on oral theo-
phylline. (Patients not on a leukotriene receptor antagonist or
long-acting beta agonist had not responded to these therapies
previously.)

Of the 71 patients with an IgE=30 IU not treated with
Omalizumab, 59 patients had relatively mild disease with no
hospitalizations 1 the previous year and COPD severity
scores =10. There were 12 patients with severe disease who
were not treated—3 had IgE levels >1000 IU, 3 had other
comorbid severe illnesses, 2 moved out of the area, and 4
deferred treatment.
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EXAMPLE IV

Evaluation Study
Findings

As of May 1, 2006, 9 patients are in their third year of
Omalizumab treatment, 6 patients are in their second year of
Omalizumab treatment, and 2 patients have completed 10
months of treatment. Twelve patients of the 17 showed a
decrease 1n exacerbation rates from baseline year to the first
treatment year, 3 patients had no change, and 2 patients had an

increased rate, (p<<0.01 by Wilcoxon signed-rank test, Table
4, F1G. 1a).

TABL

(L]

4

Response to Omalizumab treatment

4a. Change in exacerbations from baseline
year to first year of treatment

Number of patients

Decreased exacerbations 12
No change 3
Increased exacerbations 2

p < .01 Wilcoxon signed rank test
4b. Average exacerbations per patient per
2-month interval (Mean + standard deviation)

Comparison with
baseline year

Baseline year 61 £ .16
Treatment year 1 25 .02 p <.01
Treatment year 2 26 £ .15 P <.01

p < .01 Student t-test

The average exacerbation rates (1in each 2 month interval)

declined consistently between the baseline year and the treat-
ment yvears (FIG. 15). The overall average exacerbation rate
for the 17 patients as a whole declined from 0.61+0.15 1n the
baseline year to 0.25+0.02 1n the first year of treatment, and
0.26x0.15 1 the second year after treatment (p<<0.01 by
paired Student t-test, Table 4, FIG. 1¢).

The response rate to Omalizumab treatment was analyzed
in terms of several constituent variables. Statistical analysis
included correlation coellicients, linear regression analysis,
and graphical regression {its.

Cigarettes: There was no correlation between the number of
pack years of cigarette use and the response rate of exacerba-
tions to Omalizumab treatment (Table 6, r=0.04, p=0.7). The
regression line fit was essentially flat, with a wide scatter
outside the 95% confidence interval (FIG. 2a). Patients with
a heavy cigarette exposure were as likely to respond to Oma-
lizumab as patients with a modest primary exposure or sec-
ondary exposure.

IgE: While the presence of an IgE-mediated allergic response
at the tissue level 1s the sine qua non for anti-IgE therapy, the
level of circulating IgE was not a predictor of the degree of

response (1=0.25, p=0.3, Table 5, FIG. 2b).
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TABL

(Ll

D

Correlation analysis and regression analysis of response
rate change (Deltaexac) with patient characteristics

r correlation Deltaexac =a*x + b

Variable (x) coeflicient a b P
Cigarette use -.04 -.001 —-.264 7
(pack years)

IgE (IU) +.25 0006 —.400 3
Total score of skin +.01 +.001 -.322 9
test Reactivities

FEV1 (% predicted) +.11 —-.002 -.201 7
% Change 1n FEV1 post- -.19 009 -.394 4

bronchodilator

Skin test reactivity: For each of the 17 patients, the total sum
of their individual skin test scores was added, and then

regressed to the response with Omalizumab treatment. The
correlation coetlicient (1=0.01), the regression fit (p=0.9), and
the regression scatter diagram all suggest an absence of a
strong correlation (Table 5, FIG. 2¢). Patients who were skin-
test negative or weakly positive (skin test scores =2) had
response rates to Omalizumab similar to those patients who
were more strongly skin test positive.

FEV1: While a reversible FEV1 1s often characteristic of the
allergic asthmatic, most of the patients 1n our population had
severe fixed arrway disease—only 5 demonstrated reversibil-
ity =15%, and 9 had an FEV1 <50% predicted. The goal of
Omalizumab treatment in this patient group would not, there-
fore, be an improvement in resting FEV1 1n a quiet PFT lab
setting, but a prevention of subsequent IgE-mediated exacer-
bations as measured by hospital or outpatient visits. The
response rate to Omalizumab was regressed against FEV1%
and also against the degree of reversibility of FEV1% with
bronchodilator treatment. Neither of these correlations was
significant (Table 5).

What 1s claimed 1s:

1. A method of treating a mammal having COPD compris-
ing administering to said mammal a composition consisting
essentially of a therapeutically effective amount of an anti-
IgE antibody; wherein the anti-IgE antibody blocks the bind-
ing of soluble IgE to 1ts receptors; and wherein said admin-
istration results 1 an outcome comprising the treatment of
acute exacerbation in the mammal.

2. The method according to claim 1, wherein the anti-IgE
antibody 1s a humanized IgG antibody that selectively binds
to human immunoglobulin E.

3. The method according to claim 2, wherein the human-
1zed IgG antibody that selectively binds to human immuno-
globulin E 1s a monoclonal antibody.

4. The method according to claim 1, wherein the anti-IgE
antibody 1s omalizumab.

5. The method according to claim 1, wherein the mammal
has an elevated serum IgE level.

6. The method according to claim 1, wherein the mammal
has a negative skin test to an 1inhalant antigen.

7. The method according to claim 1, wherein the mammal
has a negative 1n vitro reactivity to a perennial aeroallergen.

% o *H % x
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